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Abstract
The hot deformation behaviour and interfacial microstructure evolution have a critical
influence on the hot workability and mechanical properties of bimetal composite. This study
investigated the flow performance and interfacial characteristics of 2205 duplex stainless
steel/AH36 low carbon steel bimetal composite (2205/AH36 BC) at elevated temperatures,
based on the hot tensile tests over the temperature range of 950-1250 ℃ and strain rate range
of 0.01-1 s-1. The results indicate that the deformation behaviour of 2205/AH36 BC is similar
to that of AH36 low carbon steel at high temperatures, and the softening mechanism of bimetal
composite significantly depends on the imposed working temperatures and strain rates, which
has been verified by the electron backscatter diffraction (EBSD) observation of microstructure
evolution. Extra geometrically necessary dislocations (GNDs) were observed to accumulate in
AH36 carbon steel layer adjacent to the interface after the hot working test at relatively low
strain rates, resulting from the different thermal expansions and hot ductility between the 2205
stainless steel and AH36 carbon steel, and some existing defects on the interface from the
previous hot rolling process. These observations can be employed as a reference to make the
medium-thick bimetal composite be fabricated to the final products with hot working process
in practice.
Keywords: Bimetal composite; Microstructure evolution; Hot deformation behaviour;
Dynamic recrystallisation and recovery; EBSD
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1. Introduction
As laminated and bimetal composite bonded by different dissimilar metals can obtain multifunctionality, as well as optimal combination of enhanced quality and cost, the various
industrial demands for laminated and bimetal composite are increasing [1-4]. For example, a
thin layer of stainless steel combining with a thick base of carbon steel can be used as a
structural composite in harsh and corrosive environments, taking advantage of the corrosion
resistance of the stainless steel and the structural strength of the carbon steel. The industrial
products fabricated by such bonded composite generally have large-scale structures, and the
bimetal composite plate is often relatively thick, resulting in its hard workability and high
operation cost of the secondary processing in practice. The hot forming is an applicable method
to solve these processing problems [5, 6], but there is still a lack of research into the hot
deformation behaviour and microstructure evolution of bimetal composite during the elevated
temperature working process, especially its interfacial characteristics. Compared to a single
meal or alloy, the bimetal composite consists of two constituent metals and a special zone, i.e.,
metallurgical bonding transition zone (MBTZ) adjacent to interface, which may significantly
affect the total properties of composite [7].
A large amount of research has been carried out on thermal-mechanical experiments, including
compression, tensile and torsion tests, over the various working temperatures and strain rates
to study the hot deformation behaviour and microstructure changes of metals and alloys under
hot working conditions [6, 8, 9]. The constitutive models, such as phenomenological plastic
constitutive models [10-12] and physical-based constitutive relationships [13, 14], are the most
widely employed to describe the hot plastic flow behaviour of metals and alloys, being used in
the finite element (FE) simulation. Hot compression tests, generally, were adopted by many
researchers to develop those constitutive models, while hot tensile tests are more suitable to
obtain the correlation of flow stress versus processing situations for sheet/plate metals,
considering the influences of necking and damage evolution [15]. Cheng et al. [16] and Guo et
al. [17] have studied the flow behaviours of magnesium and titanium alloy using the hot tensile
tests at high temperatures, respectively. The flow softening and ductile damage of TC6 alloy
during the hot tensile deformation process were investigated by Li et al. [18], and they
conducted a comparative work between flow curves and behaviours obtained from hot tensile
tests and compression tests, respectively. In addition to the hot deformation behaviour, the
investigation of microstructure evolution determining the macroscopic flow properties is a
topic of fundamental importance to understand the deformation mechanisms. The detailed
2

microstructure characterisations of titanium alloy under different deformation stages were
studied by Gao et al. [6] and Liu et al. [19], and they presented that the mechanism of
microstructure evolution is related to lamellae globalisation process and dynamic
recrystallisation (DRX), respectively. The evolution of DRX, grain size and dislocation of
aluminium alloy during hot working process was analysed by Xiao et al. [20] and Ding et al.
[21], and they established and discussed the relationships between the hot deformation
behaviour and microstructure changes. Based on electron backscatter diffraction (EBSD)
techniques, Lin et al. [22] and Chen et al. [23] investigated the grain growth phenomenon and
DRX evolution of a nickel-based superalloy. Mirzadeh et al. [5] and Liu et al. [24] obtained
the detailed data of austenitic steel, such as grain size and boundaries, during the hot
deformation process.
However, the existing research has almost been done into the flow behaviour or microstructure
evolution of single metal or alloy at elevated temperatures, with less investigation so far on the
deformation behaviour and interface evolution of bimetal composite. Moreover, compared to
the single metal and alloy, the MBTZ adjacent to interface is a particular zone for bimetal
composite, which plays a crucial role in mechanical and deformation behaviours of bimetal
composite [7, 25]. Therefore, in this study, the hot deformation behaviours of 2205 duplex
stainless steel/AH36 low carbon steel bimetal composite (2205/AH36 BC) were investigated
over the temperature range of 950-1250 ℃ and strain rate range of 0.01-1 s-1, and the interfacial
characteristics of bimetal composite were observed under different hot tensile conditions,
which is a unique interesting feature for the bimetal composite. The objective of this work is
to obtain the hot flow behaviour and suitable microstructure of 2205/AH36 BC, providing a
reference for the optimisation of the industrial hot forming processing.
2. Experimental procedure
The hot-rolled 2205/AH36 BC, shown in Fig. 1a, was studied in this work. It was fabricated
by a high rolling reduction at 950℃, followed by water cooling and then annealed at 850℃.
The microstructure of 2205/AH36 BC was observed by optical microscope (OM), as shown in
Fig. 1b. The chemical compositions of 2205 steel and AH36 steel can be reviewed in Table 1.
Table 1 Chemical compositions of 2205 steel and AH36 steel (wt %).
Steel

C

2205

0.024 0.62 1.4

AH36 0.18

Si

Mn

P

S

Cr

Mo

Ni

0.023 0.001 21.07 3.01 5.36

0.50 0.90-1.60 0.035 0.035 0.20
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2205 duplex
stainless steel

Roller

AH36 carbon
steel
ND
RD
TD

Roller

(a)

(b)

Fig. 1. (a) Hot-rolling process, and (b) microstructure morphology of the bimetal composite.

The hot tensile tests were performed on a Gleeble 3500 thermal-mechanical test simulator in
the temperature range of 950-1250 ℃ and at the strain rates of 0.01, 0.1 and 1 s-1. The electrical
discharge machining (EDM) method was used to prepare tensile specimens, consisting of a
2205 steel layer with the thickness of 1.5 mm and an AH36 steel layer with the thickness of
1.5 mm as well, as shown in Fig. 2a, and Fig. 2b shows how a tensile specimen was assembled
in the Gleeble 3500 thermal-mechanical test simulator.

(a)

Fixed pin

Water jets

Clamps

Specimen

Thermocouple

(b)

Fig. 2. (a) Dimensions of tensile specimens, and (b) experimental device.

The specimens were reheated to 950, 1050, 1150 and 1250 ℃, respectively, at a rate of 10 ℃/s
and held for 90 s to homogenise the temperature distribution before the hot tensile tests, which
then were proceeded with the strain rates of 0.01, 0.1, and 1 s-1, respectively, until the specimen
was completely broken, followed by immediately quenching from water jets to preserve the
original microstructure at elevated temperatures. The schematic illustration of hot tensile tests
is shown in Fig. 3.

4

Fig. 3. Schematic illustration of the employed hot tensile processing schedule.

After hot tensile tests, the broken dog-bone shaped specimens were sectioned in two halves
along the RD-ND plane, mechanically polished up to 0.1 μm followed by active oxide polishing
for EBSD measurements, which was carried out on a JEOL-JSM7001F field emission gunscanning electron microscope equipped with the Oxford Instruments Aztec acquisition
software suite operating at 15 KV, ~5 nA and the working distance of 15 mm, with a step size
of 0.1 μm. The Oxford Instruments Channel-5 software was used to conduct the postprocessing of EBSD maps.
3. Results and discussion
3.1. Characteristic strain and stress
The coexistence of low carbon steel (AH36) and duplex stainless steel (2205), consisting of
ferrite and austenite phases, in the structure of 2205/AH36 BC makes its flow behaviour
complicated at elevated temperatures [26]. Figs. 4c and 4d show the phase maps of received
specimen and fractured tip area of bimetal composite obtained by the EBSD after hot tensile
tests at 950 ℃ and 1250 ℃ with the strain rate of 0.01 s-1, respectively. It is clear that the ferrite
phase (red colour) and austenite phase (blue colour) can be simultaneously observed in the
2205 stainless steel layer.

Fig. 4. (a) The fractured tip and observed area of bimetal composite after hot tensile tests, and the
phase map obtained by EBSD under different states: (b) as received, (c) after hot tensile test at 950 ℃
with the strain rate of 0.01 s-1, and (d) after hot tensile test at 1250 ℃ with the strain rate of 0.01 s-1.
5

Fig. 5 shows the stress-strain curves of the rolled 2205/AH36 BC over the hot deformation
temperature range from 950-1250 ℃ and the stain rates of 0.01, 0.1, and 1 s-1. The flow stress
shows a decreasing trend after it reaches the peak observed from most flow curves under the
relatively low strain rates (0.01 and 0.1 s-1), and this phenomenon is often attributed to the DRX
softening effect [27, 28]. The rearranged dislocation structures are the basis of nucleation in
DRX process, and the sufficient deformation time can be obtained for dislocation
polygonisation at relatively low strain rates [28]. In addition, the occurrence of DRX results in
a single peak or multiple peak behaviour has been proposed, and the certain deformation
conditions, such as very low strain rates and high temperatures, may trigger the multiple peak
[29]. The multiple peak flow curves of 2205/AH36 BC occur as well when the strain rate is
relatively low (0.01 s-1), shown in Fig. 5a.

Fig. 5. True stress-strain curves of bimetal composite at the strain rate of (a) 0.01 s-1, (b) 0.1 s-1
and (c) 1 s-1 over the temperature range from 950-1250 ℃.

In contrast, the stress-strain curve shape at the relative low temperature of 950 ℃ is an
exception compared to those at other higher temperatures with the strain rate of 0.1 s-1, shown
in Fig. 5b, exhibiting no distinct peak in the flow curve. The flow stress curves at the high
strain rate (1 s-1) also have the same feature without a well-defined stress peak, in which the
dynamic recovery (DRV) is considered as the main restoration mechanism [30]. When
deformation temperature is lower or strain rate is higher, the diffusion effect and dislocation
6

climbing directly dependent on DRX are supressed, so that the flow stress-strain curves exhibit
DRV characteristics. On the basis of the feature of flow stress-strain curves, the flow stress
controlled by the DRX softening mechanism can be further characterised by four distinctive
stages [31, 32]: (i) the first stage is related to the balance between the dislocation storage and
annihilation by work hardening and DRV; (ii) the second stage is the progress of DRX from
the critical stress to the steady state stress; (iii) the third stage is characterised by a steady-state
region until the necking occurs; and (iv) in the last stage, the steady-state region begins to
change due to the onset of necking. On the other hand, the flow stress controlled by the DRV
softening mechanism is only characterised by the first balance stage and last necking stage. It
has been reported that DRX is the main softening mechanism of plain carbon steels during hot
deformation, due to the low stacking fault energy (SFE) of austenite at elevated temperatures
[33, 34]. The hot deformation behaviour of single AH36 carbon steel exhibits four above stages
controlled by the DRX mechanism with a single peak stress, but the peak stress becomes less
obvious when the strain rates are high or the deformation temperatures are low. In contrast, the
flow behaviour of single 2205 stainless steel is controlled by the softer ferrite phase, which is
characterised by a high SFE and restored by DRV [35, 36]. The total features of flow stress
curves of 2205/AH36 BC, consequently, are similar to those of low carbon steel, that the DRX
softening effect occurs at relatively high deformation temperatures or low strain rates, whereas
the DRV is the main restoration mechanism under the opposite conditions.
3.2 Microstructure characterisation with different softening mechanisms
EBSD maps of specimens around fractured tip area after hot tensile tests were observed to
relate the microstructure evolution to macroscopic stress-strain curves of bimetal composite,
resulting from DRX or DRV softening mechanisms. The grain orientation spread (GOS)
criterion was generally employed to separate DRX grains from the unrecrystallised ones,
obtaining the DRX fraction [37, 38]. GOS is defined as the average of difference in orientation
between the average grain orientation and the orientation of each pixel within a grain. For any
grain 𝑖, GOS can be defined as:
GOS(𝑖) = [

]∑ ω

()

(1)

where 𝐽(𝑖) is the number of pixels of the grain 𝑖, and ω is the misorientations angle between
the orientation of pixel 𝑗 and the average orientation of grain 𝑖.
The grain or subgrain boundaries in the microstructure can be defined by misorientations (𝜃)
≥ 2°. The low angle grain boundaries (LAGBs) are defined as the boundaries having 2° < 𝜃 <
7

15° misorientations, while the boundaries having 𝜃 > 15° misorientations are defined as the
high angle grain boundaries (HAGBs). The criterion value of GOS ≤ 1-2° is often adopted to
partition the recrystallised grains by ranking GOS [39, 40]. As 2205/AH36 BC includes two
different constituent steels, here grains with the GOS ≤ 1° and GOS ≤ 2° for 2205 and AH36
zones are classified as recrystallised areas, respectively, based on grain internal statistics of
individual material after hot tensile tests.

Fig. 6. The phase maps, IPF maps and microstructure with GOS < 1° or 2° of specimens around
fracture area after tensile tests at 950 ℃ with the strain rate of 0.01 s-1: (a, c, e), and at 950 ℃ with the
strain rate of 1 s-1: (b, d, f). LAGBs = grey, HAGBs = black.

Due to the typical form of flow stress-strain curve at 950 ℃ with the strain rate of 0.1 s-1 in a
state of transition between the DRV and DRX softening mechanism, mentioned in Section 3.1,
the microstructure characterisations under its surrounding hot working conditions, i.e., 950 ℃
with the strain rates of 0.01 s-1 and 1 s-1, may experience different restoration mechanisms.
Therefore, the phase maps, inverse pole figure (IPF) maps and GOS maps of specimens around
fractured tip after tensile tests at 950 ℃ with the strain rates of 0.01 s-1 and 1 s-1 were observed,
as shown in Fig. 6. In GOS maps (Figs. 6e and 6f), the grey coloured region represents DRX
grains and the white colour indicates the unrecrystallised region. It is noted that the partial area
and interfacial zone of tensile specimen are basically recrystallised at 950 ℃ with the strain
rate of 0.01 s-1 (Fig. 6e), but the recrystallisation degree of the tensile specimen is small at 950 ℃
with the strain rate of 1 s-1 (Fig. 6f), matching its stress-strain curve form shown in Fig. 5c.
Moreover, based on the phase maps (Figs. 6a and 6b), it is found that the ferrite and austenite
phase distributions of specimen after the hot tensile test at 950 ℃ with the strain rate of 1 s-1
8

are similar with that of the received specimen (Fig. 4b). The left 2205 stainless steel layer is
still composed of alternating ferrite and austenite bands without enough time to experience
DRX. In contrast, the ferrite and austenite phases of specimen after the hot tensile test at 950 ℃
with the strain rate of 0.01 s-1 have been realigned, and the band of both phases becomes wider.
These also show that the DRX process mechanism affects the microstructure of 2205/AH36
BC at relatively low strain rates, whereas the DRV is the main softening mechanism at
relatively high stain rates.
3.3 Interface evolution during the hot deformation
The initial MBTZ adjacent to the interface of hot tensile specimens is formed by the element
diffusion behaviour. The reason is that rich Cr elements are present in the 2205 steel layer, but
the Fe element concentration is higher in AH36 steel layer than that in 2205 steel layer. Cr and
Fe atoms have a close atomic size, leading to the direct exchange of Cr and Fe atoms between
the 2205 and AH36 layers of bimetal composite [25]. The SEM morphology of received tensile
specimen and diffusion profiles of Cr and Fe elements in MBTZ are shown in Fig. 7. It can be
seen that the thickness of main element diffusion zone is around 2.5 μm, which means that the
initial microstructure of interface between two layers is different from that of the 2205 and
AH36 steels. Moreover, the heterogeneity in grain size, yield and tensile strength, texture, SFE
and softening mechanism between the 2205 duplex stainless steel and AH36 carbon steel
makes them mechanically incompatible during the hot deformation process, but the two
different constituent layers are forced to deform together, resulting in the strain heterogeneity
and inconsistent microstructure evolution across the interface.

Fig. 7. (a) SEM morphology of received tensile specimen, and (b) the diffusion profiles of Cr and

Fe elements in MBTZ adjacent to the interface.
The strain partitioning and microstructure heterogeneity are often linked to the pile-up of
geometrically necessary dislocations (GNDs) in the MBTZ during plastic deformation, so that
the evolution of GND density after the hot tensile test near the interface is interesting to be
9

investigated [41]. The kernel average misorientation (KAM) method was employed here to
calculate the local misorientation from the EBSD data. Misorientations greater than 2° were
not considered in local misorientation calculation to exclude subgrain boundaries. The local
misorientation is defined as the average misorientation between a central pixel (0.1 × 0.1μm)
and its 8 surrounding pixels:
𝜃
where 𝜃

=∑

𝜃 ∙ 𝐼(

∅)

∑

𝐼(

(2)

∅)

is the calculated local misorientation for the corresponding pixel, and 𝜃 is the

misorientation between the k pixel and its surrounding pixels. 𝐼(

∅)

is the indicator function

and ∅ is the misorientation threshold 2° here. The GND density of a pixel (𝜌

) is presented

by Gao et al. [42] and Kubin et al. [43]:
𝜌

=

(3)

Where 𝜃 is the local misorientation calculated by KAM, 𝑢 is the unit length (0.1 μm here), b is
the Burger’s vector (0.253 nm for face centred cubic, and 0.248 nm for body centred cubic).
Fig. 8a shows the evolution of GND density distribution mapping in the MBTZ adjacent to the
interface for received specimen and fractured tip area of specimens after hot tensile tests at
950 ℃ with the strain rate of 0.01 s-1 and 1 s-1, respectively, and at 1250 ℃ with the strain rate
of 0.01 s-1. The histogram distributions of GND density at the side of 2205 stainless steel layer
are shown in Fig. 8b, and the histogram distributions of GND density at the side of AH36
carbon steel layer are shown in Fig. 8c. It is clear that the existing GND is accumulated inside
as received hot-rolled 2205/AH36 BC, and the change of GND density in the observed area is
not obvious after hot tensile tests at 950 ℃ with the strain rate of 1 s-1. Due to the relatively
large tensile strain rate, there is no sufficient time for tensile specimens to experience DRX or
DRV before the occurrence of fracture [44]. On the other hand, the GND density of 2205
stainless steel layer significantly decreases after hot tensile tests at the relatively low strain rate
(0.01 s-1), in which the mean GND density value also shows a sharp decrease compared with
that of received specimen and that of specimens after hot tensile tests at the strain rate of 1 s-1.
It means that the δ-ferrite phase of 2205 stainless steel exhibits a well-developed DRV process
and the austenite phase undergoes sufficient DRX. The latter can also be verified by the GOS
mapping in Fig. 6c.
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Fig. 8. (a) Images of GND density mapping, (b) statistical distributions of GND density at the side
of 2205 stainless steel, and (c) statistical distributions of GND density at the side of AH36 carbon
steel at varying hot tensile situations.

In addition, the GND density of AH36 carbon steel was reduced to some extent after hot tensile
tests at 950 ℃ and 1250 ℃ with the low strain rate (0.01 s-1), but the reduction of GND density
is not that significant compared to that of the 2205 stainless steel layer. The AH36 layer has
been completely austenitised under the experimental situations, so that DRX is the main
softening process due to the low SFE of austenite at elevated temperatures mentioned in
Section 3.1. However, the dislocations should be accumulated to a threshold value, i.e., the
enough amount of strain ε (critical strain), to trigger the occurrence of DRX [45]. It takes a
period of time from the beginning of DRX with the strain of ε to the completion of DRX with
the strain of ε (saturation stress), while the deformation continues during the tensile process.
The strain increment ∆ε is the difference between ε and ε , i.e., ∆ε = ε − ε . When ε > ∆ε,
at the completion time of the first DRX, the re-hardening of first recrystallised areas cannot
accumulate enough dislocations to reach the threshold of second DRX, so that the second round
of DRX will not occur immediately in the first recrystallised areas until there are sufficient
dislocation pile-ups. The schematic stress-strain curve affected by the relationship between ε
and ∆ε is shown in Fig. 9 [46]. This is also the reason why multiple peak flow curves occur at
950 ℃ and 1250 ℃ with the strain rate of 0.01 s-1 as shown in Fig. 5a. Therefore, amount of
obvious GND pile-ups can still be observed in the AH36 carbon steel layer after hot tensile
11

tests in Fig. 8a. This situation also occurs in the austenite area of 2205 stainless steel layer, as
shown by yellow arrows in Fig. 10, but the accumulation of GND is not obvious due to the
coexisting DRV of ferrite phase, which has consumed resulting dislocations during the hot
deformation process.

Fig. 9. The schematic stress-strain curve affected by the relationship between ε and ∆ε.

Fig. 10. GND density mapping of 2205 stainless steel layer: (a) at 950 ℃ with the strain rate of
0.01 s-1, and (b) at 1250 ℃ with the strain rate of 0.01 s-1.

Moreover, the macroscopic interface is an important source to affect the GND density [47].
The average GND density in AH36 carbon steel layer for fracture specimens after hot tensile
tests at 950 ℃ and 1250 ℃ with the strain rate of 0.01 s-1 is plotted as the function of distance
from the interface in Fig. 11, indicating that the development of a gradient in GND density
adjacent to the interface. The GND density across the interface shows a peak, gradually
decreasing to a relative plateau. That means that an interface-affected zone is formed, where
the accumulation of GNDs appears during the hot tensile deformation. This zone, which almost
overlaps the MBTZ, is narrow spaning around 5 μm. GND distributions near the interface can
be described by the function based on the conventional accumulation model [47]:

12

𝜌

(𝑥 ) =

(

)

+𝜌

where 𝑥 is the equivalent position from the interface, 𝑘 and 𝑎 are constants, and 𝜌

(4)
is the

averaged GND density resulted from the grain boundary and orientation effects.

Fig. 11. Mean GND density in AH36 carbon steel layer versus the equivalent position from the
interface at 950 ℃ and 1250 ℃ with the strain rate of 0.01 s-1, respectively.

The high GND density in the area adjacent to the interface could be attributed to three reasons:
(i) The different thermal expansions between 2205 stainless steel and AH36 carbon steel may
generate the internal residual stress and strain heterogeneity [41]. (ii) The ductility of AH36
carbon steel is better than that of 2205 stainless steel at elevated temperatures, resulting in the
different material flow speeds, and two different steels, consequently, pull each other at the
interface to produce the shear stress field, as shown in Fig. 12. The GND pile-up is expected
to be higher than that from ordinary dislocation accumulation at conventional grain boundaries
due to the higher plastic incompatibility across the interface [47]. (iii) Some small cracks and
other defects are easy to exist in the MBTZ of bimetal composite as a result of employed hot
rolling process. Those defects could act as dislocation source and sinks to develop high GND
density [48].

Fig. 12. The pile-up of GND adjacent to the interface in the hot tensile deformation process of
2205/AH36 BC with the low strain rate: (a) initial specimen, and (b) deformed specimen.
13

Nanoindentation testing, widely used for the mechanical properties estimation of materials,
was employed to analyse the relationship between interfacial properties and interfacial
microstructure evolution. Nanoindentation points around the fractured area were chosen to
measure the nano hardness values, starting from 2205 stainless steel to AH36 carbon steel and
then return in the opposite direction. The loading force is 5 mN, and the distance between each
measurement point is 2 μm. Fig. 13 shows the measurement scheme of nano hardness around
the fractured area, and the nano hardness values at nanoindentation points near the interface of
received specimen and specimens after tensile tests at 950 ℃ and 1250 ℃ with the strain rate
of 0.01 s-1. It is noted that the nano hardness values at the interface shows a peak for all
specimens, and the peak hardness of specimen at 950 ℃ is higher than that of specimen at
1250 ℃ with the strain rate of 0.01 s-1. This trend of nano hardness is similar to the mean GND
density near the interface shown in Fig. 11, meaning that the heterogeneity in properties and
microstructure between the interface and component steels is obvious at relatively low
deformation temperatures.

Fig. 13. (a) Nano hardness measurement scheme around the fractured area, and (b) nano hardness
values at Nanoindentation points near the interface of received specimen and specimens after tensile
tests at 950 ℃ and 1250 ℃ with the strain rate of 0.01 s-1.

4. Conclusions
The hot deformation behaviour, microstructure characterisation and interface evolution of
2205/AH36 BC were investigated at different temperatures and strain rates in this study. The
hot deformation behaviours of 2205/AH36 BC change depending on the externally imposed
working temperatures and strain rates. The DRX process is the main deformation mechanism
at relatively high deformation temperatures or low strain rates, whereas the DRV acts as the
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softening mechanism under the opposite conditions. This result is verified by the
microstructure evolution of specimens around fractured tip area after hot tensile tests based on
the phase and GOS maps. The GND density of specimens after the hot tensile test, especially
for the 2205 stainless steel layer, reduces significantly at the relatively low strain rates, but the
GND density in the area adjacent to the interface shows a peak due to the interface defects, and
different thermal expansions and ductility between 2205 stainless steel and AH36 carbon steel
layers.
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